(12) 



UK Patent Application „,GB „„2326896 ,»A 



(211 AppOotfen No ttWftM 
122) OmtfWlQ 2*0t1M* 



<30) PrtortyO*ta 

1311 



132) #1J7 tM7 (33} FR 



(711 Ag gfafgrt 



it* 




H3) 0*tt of A Pubficatton Ktt.lSM 



C51) IMTCL* 

E2t« 17/00 

(S2) UKCLCErfttoitQl 
(56) Documorti Ctoa 

WO«*7*7A WOI7/17K4A 

US 41013X7 A 



UCCL<EdUbnP> WMCi 

wr of ota 17/00 tf/nw 



(54) AbrtuctTtt* 

Antxpandabfowofltinor 



^I^J!^^!f*J!l n^u^l^f^ *** to"***** 1 touching •«* otbtr «> thtt «fter * 




Fig. 1a 



Rg.1b 



O 
00 

(O 
CO 

ro 

$ 

o 



09/18/2000 18:23:13 page -1 



1/5 




Fig. 1b' 

FIGURE 1 
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FIGURE 6 
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FIGURE 2 
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FIGURE 7 
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55.018* 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the field of petroleum service and supply industries, tod more 
pvticultrty to complete 

Whik drilling a taking pUoe, the integrity of a well is controlled by 4 drilling mud of density 
that needs to be adjusted so that the hydmn&c pressure of the mud column opposes the kales 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference h depth is such that it is no longer possMc to formulate a mud capable of 
performing hi fonction over the entire length of the well, so to prevent coOapsc of the will, it 
is necessary to line the hole with metal casing. For this purpose, a certain number of casing 
tubes ire placed end to end and lowered down the well, and ire fixed to the will of the weD by 
cementing. Thereafter, drilling can continue down to the next critical depth 

Each newly-drilled kngtfa must be fined with casing of outside diameter that b sraal enough to 
pass through the casing that U already m place at ifcaBo^ 

staircase structure with & hole that is large at the top of the wefl and much narrower at the 
bottom of the well. Such a configuration is far from optimal: a Urge hole as the surface means 
that drilling time must be wasted in a non-productive rone, whereas a narrow hole in the 
uaefiil zone* docs not favor production by good draining of the formation. 

Worse stfll, h often happens that the hole passes through unexpected critical zones even before 
boring has reached & critical depth. Such critical zones may. for example; be veins of very 
friable rock or "pockets* of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circ um s ta nces, the only solution is often to cement these zones by putting casing into place 
unm e mat ety, thereby further reducing the size of the hole, which can lead to a welt being 
abandoned if further difficult zones are encountered as driffing continues. 
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It will also be understood thstttis very difficult to repair damaged casing by instating Dew 
casing, without further sigrificamly reducing the lire of the hole and thus running the ruk of 
preventing peaetratkm of certain tools or items of equipment that may be needed b the 
production zones* for example. 

Over the last few years, the industry has developed new techniques of completing wells or of 
completing them temporarily, so as to TturatKe the number of ■ steps- and to increase the 
downhole diameter of the wdL 



Proposals have thus been made to use a composite nuUerial comprising an expandab l e doth 
made of gjass fibers impregnated with noD^ryraerized epoxy resin and having i lubber 
membrane coveruujiuo^ 

appropriate laying tool, the membrane is applied against the wafl of the hole or a damaged 
portion of casing, and the rem b caused to polymeriae by being 

that technique is that it requires electrical power of the order of 1000 watts per linear meter. 

thiuforu^ruappuca^^ 

of synthetic niaterialcaimotc 

be capable, m particular, of wittetaix^ treatnw^ based on strong acids or other materiils 
that are particularly corrosive. 

US Patent 5 34S 095 proposes making casing out of a continuous tube of diic^ 
capable of withstanding large amounts of plastic defocmation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
aceompanied by a reduce m 
probkm*itthccnd*r^^ 

US Patent 5 366 012 proposes a perforated finer provided with overlapping k>ngjtu<final dots. 
A mandrel having a large diameter that is greater than the inside diameter of the perforated 
liner is used to expand the waH of the finer and the orifices become larger. Fiber-ri^rced 
cemem can then be cast oo enlier s^ 
the finer is bored again, thereby leavktg a casing of fi*oKxax^ 

reinforcement. The need for further boring after cementing cowthutea a major drawback of 
that technxnie. Ins 
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the tube ire quite high and the final length of the finer is reduced Faulty, the slots must be 
pierced in compliance with very precise specifications, which leads to a manufacturing cost 
that is high. 

An object of the present invention is a novel type of expandable casing dial does not present 
the abovc-mcntioaed drawbacks of the art 

According to the nvtatkm* this object is achieved by a finer for completing a bole in an 
underground formation, the lifter being constituted by a spW-wound strip of spiral cross* 
section, its longitudinal edges having complementary touching profiles such that after 
expansion the liner is circular in section. 

To complete a wen, the spirsl tube is lowered to the bottom of the hole and its walls are 
spread by means of a placement tod, &g. a conical tool, so as to place the kmfptudxnal edge in 
a touching position where they form a cyfinder. A dosed continuous finer h thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the s{nTal-wound casing of the invention is particularly adapted to c rnvwrmg wells that are 
horizontal or fraud-lateral, given hs small diameter m its contracted state which fends itself 
wefl to being installed in narrow wells or in wells of trajectory that impedes the towering of 
traditional casing segments. 

the finer of the invention b also well adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is close to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drHfing can continue and the entire column, including 
the zone that has already been completed, b subsequently completed in cc4wentk>oal manner. 

The spiral easing of the invention can 

since the outside diameter of the spiral caring after expansion can be selected to be equal to or 
very slightly less the inside diameter of the casing that b already m place 

The spaai- wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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to provide inechanicalengagenient at i predcteni^ fiiweter. 

In « more particularly preferred variant of the invention, the liner is obtained by rolling up t 

gnipaboutanaxisthatUatacertaman^ 

n,ch circuirtftaiices, wh« 

around the cyfinte. If the p 
figure iscAtamed whose )a^'nmo(i$t^by^Mma^ ^ 

The finer of the invention can be woord lengthwise «^ 

coiled tubing. In order to complete tectums Ail are of great length, it » powMe to weld 
together a plurality of sheets, either during niami&cture cf the finer. wh» 
using the coiled tubing technique, of else cfirecdy on she. 

The finer of the invention can be made of metal, tg. steel or any other material hiving the 
desired degrees of elasticity and p^ 

is .elected, and providing it has not been cernented, then the Incr of the invention can 
optioi^ be removed, thw 

Other detail* and advantageous characteristics of the invention appear from the fallowing 
description grvtnwmH referent 

•Figure! UacBagranunslK view of 

after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 

m 

-Figure 2 shows an expansion toot 

-Figures .hows an exsou^tf 
3d) and shows various profiles fix such 

• Figure4 U aperspectrve viewof au^ 
with toothed sections; 
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■ Figure 5 shows a liner of the invention having locguudmaJ edge* constituting a double helix, 
seen in perspective in the contacted state (Figure 5a), after expansion (Figure 5b), and in 
longitudinal section (Figure 5c); 

- Figure 6" shows an example cf temporary comp leti on using a finer of the invention; 

• Figure 7 shows a typical sequence for completion of a production zone; and 

* FigureS shows a variant of a finer of the invention that b perforated and fitted with a sand 
screen. 

The concept of the invention is shown ia Figure ] . A strip, e.g. a metal strip, is spiral-wound 
(Figures la and Is*) wish overlap over an angle A. After expansion, the finer is circular in 
secdon and its loqghmfinal edges come into contact to constitute a d o se d peripheral surface. 

If the winding follows an Archimedes' spiral, then writing t for the thickness of the strip and 
Dc for the pseudoHfiameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the Mowing equation : 



where A, the overlap angle, b e xpresse d in radians, and where the lengths De, Dc, and £ are 
expressed in the same units. 

With an overlap of 90* as shown in Figure la, a liner having an outside diameter De of 17.8 
cm (7") and a thickness c. of 9 J mm (3/8 of an inch) b contracted to a diameter Dc of 14.9 cm 
(5.86-). For an overlap of 180*, the expansion is dose to 50%. 

By way of example, the tool for expanding the liner of the invention can be constituted by a 
double cone assembly as shown diagrammaticalry in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coned tube or of a string of rods, and as 11 of diameter 

OTiflar to that of the spiral-wound liner in the contracted state, thereby enabling the spiral- 
wound finer to be pushed to the zone which b to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the inside diameter of the liner after 
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H has been expanded. The enlarged snoe 12 is picfaiMy cipabte of being itOieted «t «ei« m 
put by remote coatrol means Bich u hydraulic pfejsur^niechti^nieiiii,octeoinKM^ 
of such means as b convniiional tor placement tools as used in wells. 

In the variant of the invention shown in Figure 3, the conipknvaxsry tongjtwfiml edges are 
given teeth so aa to form a mechanical lock. As can be seen more partkah^ m F«gures 3 a to 
3d, a toothed edge, intoa case an edge having three twtVcanpn^efmtAweiigagesnent. 

U may also be observed that the looptadmal edges hive a contact area facing in a general 
direction D at a non-zero angle relative to the «maltothek»gtoid^aasoftbe 
«ngleofehout45",aidmoregener»Ih;lyb^^ 

Other variant toothed profiles are shown m Figure 3e. The number of teeth can be increased, 
or on the contrary, decreased, and it is possible to select profiles that are nearer to being 
^uare sow to achieve eDgagemertuat adorer to be^ 

of the examples shown in Figure 3, the toothed edges follow a general (firection P at a 
certain ai^le relative to the normal to the longitudinal axis of the liner. The profile selected is 
preferably such as to trinkmre radial fiictkm fbrcee th«t tend to oppose »&fing of the two 
campksnemary portions As shown B Fl^3^theeUsbclbfo 8 sPaandRthatre^uk6«n 
expanding the spiral-wound finer create radial friction forces Fc and Fd which tend to move 
the edges apart Tins sepawion fbree can be n^ 
ahape of the teeth. 

The forces Pa and Fb which ass* in toddng the Ihw «re directly proportion* to the o^ 
angle A of toe finer m the cootiaeted position. Neverthdesa, too much overlap also tends to 
» the radisl fctces so that a balanee must be fbuiid between the oesired codBcieat of 



The finer is expanded into the mape of a cone of dm«stom tl* depewl essentially on the 
geometry of the spiral-wound Ener and oo its dxsticity, and to a smaller extent oo the apex 
angle of the corned expansion tool. To fin* Irkxion fiwees. n may be advantageous to seta 
u expansion tool constituted by a cone whose apexanglebdosetottatoftbe "natural" 
expansion cone of the spiral-wound tmer. 
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As shown mm particularly in Figure 4, the vets of the engagement teeth forms in ingle B 
with the ixis of the spiral- wound tube; This angle B his id optimum vibe lying between the 
■natunT expansion cone ingle of the finer and zero, however zero ii also acceptable. 

Figures shows the most particularly preferred variant of the invention in which the finer is 
obtained by roUng up a strip about an axis that Is at a certain angle relative to the axis of 
symmetry of the strip, in the contracted position (Figure Sa), die edges form a double k£x 
around the finer After expansion (Figure 5bX the two hefires coincide and the junction fine 
winds helically around the Boer. 

A particularly advantageous aspect of this geometry Beam it being possible for expansion to 
be performed without changing the X length of the finer. If, as shown in Figure 5c* the 
•cfiametert" of the finer are written Dc and De (where index fi corresponds to the finer being in 
the contracted state and index t to the finer in the expanded stateX and if the periods of the 
hefical curves followed by the longrtudbaJ edges are written He 

hefix is defined as being the distance measured along the IcnghuxfinaJ axis of the liner between 
two corresponding points that are one complete turn apart around the cylinder of mamcter Dc 
(or De if the case may be)), and if the length of a tongitodlnal edgeofthefi^is wrkr«L^ 
a finer whose total length iiX.it can be sknvn that the kngth L ii equal to: 



and that consajuenuy, if the tape is roiled up w such a maimer that then the length 

*** H * 

X does not vary. 

With this double helix configuration, it ihoukl also be observed that if the strip constituting the 
finer is of thickness W, then the diameter after expansion is grvtn by the e^ 




A A 
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FuuUy, aiwttecowoqucoceof 

in a plane perpendicular to the axis of the fintf during the expansion stage. If the ends of the 
double hefix finer tie cut perpemfiadiriy to the kmgitudi»al vol. then after expansion these 
ends wffi define perfect drdes in plane that are themselves perpendicular to the longitudinal 
axis of the finer. This disposition is particularly frvonbfe for ensuring sealing of the 
completion at the cod* of the liner. 

Figures 6 and 7 axe highly diagrammatic and show two examples of completion using a spiral- 
wound Bner of the invention, it being understood that these examples ace not footing m any 
wty. 

ln the example shown in Figured, the spiral-wound tube b used for completing a zone m 
temporary manner. In a wefl m deep water, the problm may 
between the figuring gradfert and the pressure of the Iot 

problems associated, for example, with the presence of fonnationi that are highly unstable 
(dayey rock, sands, salts, etc.) in depletion zones, or other probkraa that are well known to 
the person skilled in the art The financial wnse^u»» 
proportion to their le^ 

on an extra occasion, thereby reducing the diameter of the bole. 

The wefl hu been drilled and casing has been mstalled in itt upper |»rtto I. Drlfing has then 
continued beneath the casuig shoe 2 to pkro a b^ 

b not cased, prior to reaching a zone 4 of length Lz which needs to be treated immediately 
(Figure 6a). The deciskmbtakm 

invention. A spiral-wound liner 5 is pushed towards the bottom of the wtH by means of a 
double corneal expanskm tod 

move on (Figure 6b) so as to spread apart the walls of the liner unto they tench a predefined 
diameter (Figure 6c). Once the incr is in place (Figure 6d) the expansion tool is returned to 
the surte a«l the to » cement 

shown here, the finer is provided with openings 8 to aDow cement to pass from the inside of 
the Eiier towards the arv^ 
shoe could be used. 
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After expansion, the inside diameter of the liner is practically identical to the diameter of the 
hole in zones where there are no drilling problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by means of a reamer). Drilling can then be started again 
without any need to driD through a cemented zone, and the entire well can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
wea 

It is dear that additional tools such at a crntralintr could be used fa coanbfoatioa with the finer 
of the invention. Also, the smo* U preferably fitted with codpieces made of a material that is 
easily deformed and that is easy to driB (eg. ahaminum), thereby giiansnteeing that the snferf- 
wound liner is properly expanded over its entire length. 

A typical sequence of using a spiral-wound Hner of the invention for completing a section of a 
reservoir is shown in Figure 7. Such an oper at io n may be envisaged, fix example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production liner, the hner of the invention is, in this case, 
pierced to allow production fluids to pass therethrough, and as shown in Figure 8 T it is 
preferably covered b a grid which may be fixed thereto, eg, by being welded to the strip prior 
to spiral winding. The grid is preferably on the outside face of the liner, facing towards the 
walL 

It should be observed that the surface area of the rbDed-up strip remains unaltered during 
expansion so weia are not weakened by the spiral-wound liner of the wvennon being put into 
place and expanded For the same reason, die size and distribution of the openings provided 
for allowing the production fluids to pass can be selected in a manner that is entirely 
independent of the diameters in the contracted state and in the expanded state. This makes it 
possible, in particular, to obtain a liner that is very strong in association with greater stability 
and longer Gfe of the well. 
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For aborizocn^well,aspu*l-wovndfinerofu^ 

can be placed very close to the fiwmation, even in the upper portion of the finer, and that is 
often not the cue with a conventional finer that is hMpabte of being contracted. 

So long as it hu not been cemented, a spiral-wound finer can be withdrawn by means of a 
apecial tool which aeparates the longitudinal edges so as to allow the finer to roll up again and 
return to a state aumW to that of itakatial contracted state. If web withdrawal is expected 
only after aeverel mon*» or yon, care should be taken to uee a oaterial that* capable of 
retaining its elastic properties ovex such a long period of time. 



The geometry of the spiral-wouod finer of the invention is anker/ compatible with mass 
production at low cost For example it is possible to use metal stripi (where necessary strips 
that are wtWedtogetlw) that are pierced m a pr^ 

rollers or by a bydraufic press having a punt*. The k»jjtud3nal edges are preferably rectified 
aatiiaiouafrioutogivetheraa 

along one of the longitudbiaJ edges before winding into a spiral Finally, the strip rosy be 
spiral-wound directly and then co^ either continuously or else after being cut up into equal 

lengths. 

In general, it is preferable to nay out a finer of the invention fieaa a red since that is cheaper 
ooce the section to be completed b long, and more refiable since connections are omitted 
Nevertheless, it b equally possible to use titers of fixed lo^ and to perf<wn completion ui a 
zone by repeatedly placing and expanding lengths of finer. 
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CLAIMS 

V A finer for completing a bolt in an underground formation, the finer being constituted by a 
spiral-wound strip, its longitudinal edges having complementary touching profiles such that 
after expansion the liner is circular in section 

2/ A finer according to claim 1, characterized in that the longitudinal edges define a contact 

surface of general (faction D lying in a plane that forms a non-zero angle relative to the 
longitudinal axis of the finer. 

V A finer acoordmg to claim 2, cruuuctcrizjcd in that said mglc formed by the general direction 
D of the contact surface lies in the range 30* to 60° 

4/ A finer according to any preceding claim, characterized m that the touching longitudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding claim, characterised in that the liner a obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

67 A liner according to any preceding claim, characterized in that it is provided with openings 

7/ A liner according to claim 6, characterized in that it is covered in a grid. 

ZJ A finer according to claim 7, characterized in that the grid is welded on 

9/ A method of completing a hole in an underground formation in which a spiral-wound strip 

is lowered down the hole, and the strip is opeaed tint! a crailar sectta 

of a corneal placement tod for putting the longitudinal edges into a touching position. 

10/ A method according to claim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method acconfing to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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12/ The use of the method ectofdmg to ciaim9or 10, for repairing a casing. 

13/ The use of the method of claim 9 for completing a production zone. 

14/ A gyitem for rT^^fl * hole in an underground formation, characterized m that it 
includes a liner according to any one of claims 1 to I and an expansion tool suitable for 
Splaying apart the longitudinal edges until they take up a position where they touch each other 
edge-to-edge. 

IV AtoolforwWidrawi^ I to t, the tool comprising 

means fix moving the loagituduud edges apart by a cSameter greater man the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral* 
wound configuration of a diameter that b small enough to enable the liner to be extracted from 
the wed. 
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